Abstract. We present different measurements of the top quark properties in production and decay. The measurements are performed using the LHC proton-proton (pp) collisions at 7 TeV and 8 TeV center-of-mass energies collected by the CMS detector during 2011 and 2012 runs, respectively. The study of production properties consists of charge asymmetry, tt spin correlation and the vector boson associated production of tt. The top quark properties in decay are studied via the measurement of the b-quark content, R = B(t → Wb)/B(t → Wq), the top quark charge, the FCNC process of t → Zq and the W-helicity fractions. The results of the last measurement are used to set limits on the tWb anomalous couplings. The W-helicity fractions are measured in the electroweakly produced (single-) top quarks, too.
Introduction
The top quark is the heaviest known particle with a mass close to the scale of the electroweak symmetry breaking. Its short lifetime, shorter than the hadronization and the spin decorrelation timescales, allows for the study of the bare quark properties via the decay products. The LHC [1] proton-proton collisions at √ s = 7 and √ s = 8 TeV are collected by the CMS [2] detector during 2011 and 2012 runs, respectively. These datasets are used for the measurement of the top quark properties presented in this note.
Charge Asymmetry
The interference between the born approximation and the box diagram and between the initial and final state radiations (ISR/FSR) introduce a correlation between the direction of incoming and outgoing (anti-)quarks in tt production [3] , [4] . Such correlation leads to a charge asymmetry, A C , which is observable in the rapidity difference, y t − yt. The CDF and D0 experiments have reported more than two standard deviation from the Standard Model (SM) expectation for this asymmetry [5] , [6] . At the LHC, the charge asymmetry is investigated using the ∆|y| = |y t |−|yt| variable. The reason is that in pp collisions, the anti-quarks contributing to quark-anti-quark annihilation are sea quarks with relatively smaller momentum fractions. Hence, the resulting top quarks are more boosted towards the forward regions. The CMS experiment has performed inclusive and differential measurements of A C at √ s = 7 TeV in lepton+jets final state [7] . The inclusive measurement results in A C = 0.004 ± 0.010 (stat.) ± 0.011 (syst.) which is consistent with the SM predictions a. e-mail: Abideh.Jafari@cern.ch at NLO, A C = 0.0115 ± 0.0006 [8] . Figure 1 (a) illustrates the background subtracted and unfolded distribution of A C compared with the SM NLO calculations. The tt charge asymmetry can be influenced by changes in boundary conditions as well as by the physics beyond the SM. The variable A C is therefore measured differentially in those kinematic quantities which are sensitive to different aspects of charge asymmetry generation, namely the rapidity (|y tt |), the transverse momentum (p T,tt ) and the invariant mass (m tt ) of the tt system. The charge asymmetry is expected to increase with |y tt | due to the prominentannihilations in larger rapidities. The initial and final state radiations lead to on average higher transverse momenta of the tt system while they contribute negatively to A C . Theannihilation increase with m tt hence one expects more pronounced asymmetry at higher m tt values. Besides, new heavy particles may contribute in tt production, therefore interfere with the m tt of charge asymmetry. In Figures 1(b) , 1(c) and 1(d) the differential A C measurements are found to be consistent with the SM NLO expectations. The measurements are however accompanied by large uncertainties. They are also compared with the predictions of an effective model with axial-vector coupling for gluon [9] . This model can describe the Tevatron m tt dependence of the charge asymmetry. In dilepton final state at √ s = 7 TeV, the charge asymmetry is found to be A C = 0.05 ± 0.04 (stat.)
+0.010
−0.032 (syst.) [10] which is in agreement with the SM NLO calculations, 0.0123 ± 0.005 [11] . Another observables investigated in this channel for the charge asymmetry is the difference between the leptons pseudorapidities, ∆|η l |. The measurement yields A ∆|η| C = 0.010 ± 0.015 (stat.) ± 0.006 (syst.) that agrees with SM expectations 0.0156 ± 0.0007 [11] . The top forward-backward asymmetry is also measured to be A top FB = −0.010 ± 0.034 (stat.) ± 0.026 (syst.), compatible with PowHeg [12] calculations, 0.005 ± 0.0004. 
tt spin correlation
Due to the short lifetime of top quark, the tt spin correlation is propagated to the decay products. In dilepton final state, the charged leptons become correlated in the azimuthal angle (φ) in the laboratory frame. At √ s = 7 TeV, CMS has measured the spin correlated tt content of data, f , using a template fit on |∆φ l + l − | distribution [13] . A binned likelihood fit to data is performed using three templates: one for backgrounds, one for SM tt and one for tt without spin correlation. The result, f = 0.74 ± 0.08 (stat.) ± 0.24 (syst.), is consistent with the SM prediction, f S M = 1. The spin correlation coefficient in helicity basis, A hel , is computed as f × A S M hel where A S M hel (NLO) = 0.31 [14] . This leads to A hel = 0.24 ± 0.02 (stat.) ± 0.08 (syst.) which is compatible with A S M hel .
The charge of top quark
The SM predicts a charge of + 2 3 e for the top quark. Using the dataset collected at √ s = 7 TeV, CMS has tested the SM hypothesis against an exotic scenario with a top quark charge of − is a test for this prediction of the SM while it is also an indirect measurement of |V tb | component of the CKM matrix. The CMS experiment has measured the R ratio in the dilepton final state, using the pp collisions at
The analysis is performed in 2-, 3-and 4-jets categories with different lepton flavors, ee, eµ and µµ. The signal strength is obtained using a profile likelihood ratio with nuisance parameters to account for uncertainties. The correct assignment of the b-jet candidate to top quark is modeled with the invariant mass of the lepton and b-jet candidate, m l j . The template for mis-assignments is taken from data. The R ratio is measured using a profile likelihood with nuisance parameters based on the b-tagged jet multiplicity (up to 4 is allowed) in each category described above. The fit includes all possibilities for the (in)correct assignment of b-jet candidate to top quark with the b-jettop assignment probability from data. The b-tagging and The R measurement leads to |V tb | = 1.011
+0.018
−0.017 (stat. + syst.) with a lower bound of |V tb | > 0.972 for V tb < 1 at 95% C.L. This is the most precise measurement of |V tb | and the most stringent lower bound on this variable.
Flavor Changing top quark decay to Zq
The FCNC top quark decay of t → Zq is suppressed in the SM by the GIM mechanism. In some beyond SM theories [19] [18] however, it can be enhanced by ∼ 10 orders of magnitude. At 8 TeV center-of-mass energy, CMS has searched the rare process tt → Wb + Zq → lνb + llq using the entire data of 2012 [20] . In order to reduce backgrounds, the invariant mass of the W and b-jet candidate, m Wb , as well as the mass of the other top quark (m Z j ) is required to be within ∼ 1.5σ of the assumed top quark mass. The mass requirements are which was chosen without looking at the data. Figure 3 shows the the selected data points in the (m Wb ;m Z j ) plane with the mass requirement indicated as a red box. Given the sample composition of diboson and DY (no b-jet), top FCNC (only one b-jet) and tt, ttV and tbZ (two b-jets), the btagging information is used to estimated background from data. Only one data event is observed after the full selection while the estimated number for background events is 3.14 ± 4.97 (stat.) ± 0.17 (syst.). This results in an observed limit of B(t → Zq) < 0.07% at 95% C.L. which is the 
Vector boson associated production
The cross-section measurement of the vector boson associated top-pair production, ttW and ttZ, is important to test the SM scenario for the t −W and t −Z couplings. Such processes are also irreducible backgrounds for ttH. Using the entire 7 TeV dataset, CMS has measured the ttZ crosssection in trilepton final state [22] . The same data is used to measure an inclusive ttV cross-section in same-sign dilepton events [22] . The measurement in dilepton analysis results in σ ttV = 0.43 
W-helicity fractions
The helicity fractions of the W-boson from the top decay are sensitive to new physics in the tWb vertex. They are defined as the partial width of top quark decay to a Wboson with left-handed (F L ), right-handed (F R ) and longitudinal (F 0 ) polarization. The partial with of top quark can be expressed as a function of cos θ * l where θ * l is defined in the top quark rest frame as the angle between the W-boson 3-momenta and the 3-momenta of the down-type fermion in the W-boson rest frame. This distribution is exploited in CMS to measure the W-helicity fractions.
Measurement in tt events
The pp collisions at 
Measurement in single-top
The CMS experiment has performed a similar measurement for the first time in single-top event topology with the muon+jets final state [27] . The reweighting method is employed in a binned likelihood fit to simultaneously measure the W-helicity fractions and the W+jets background contamination. The signal is defined as every process including top quark. The analysis is carried out at √ s = 7 TeV and √ s = 8 TeV and combined, yielding F L = 0.293 ± 0.069 (stat.) ± 0.030 (syst.), F 0 = 0.713 ± 0.114 (stat.) ± 0.023 (syst.) and F R = −0.006 ± 0.057 (stat.) ± 0.027 (syst.). The measured helicity fractions in single-top sector are compatible with the SM expectations, hence used to set limits on the real anoumalous tWb couplings. The results are already comparable to those from tt despite the smaller statistics.
Conclusion
The CMS experiment has measured different properties of the top quark in production and decay. All CMS measurements of top quark properties are so far consistent with the Standard Model predictions.
